The most promising therapeutic directions for both voluntary exercise and K v 1.3-
targeted treatments are converging on a subset of human diseases for which both treatments 9 9 might be effective. This is especially true for diseases that have both a metabolic and 1 0 0 autoimmune component. Progress is being made rapidly in both areas of research, but little is 1 0 1 known concerning the potential combinatorial effects of these two therapeutic interventions. enhanced in the absence of the channel.
Our investigation is the first to characterize the running phenotype of mice where we with a moderately high-fat diet participated in wheel running more often and ran farther than
control-fed mice. We also demonstrated that participation in voluntary exercise, as expected,
partially protected wildtype mice from increased adiposity and glucose insensitivity associated patterns of resting and running differed across the both the light and dark phases. on a C57BL/6J background and were generated via deletion of a large promoter region as well have now been deposited at Jackson Laboratories (Bar Harbor, ME; B6;129S1-
MATERIALS AND METHODS
Kcna3tm1Lys/J, stock number 027392). The K v 1.3-null mice (KO) were compared to mice with first were C57BL/6J mice from Jackson Laboratories (stock number 000664). The second were 1 4 3 C h e l e t t e e t a l . , P a g e 7 amounts when given access to a wheel {33}. However, there were no differences between the these two groups were pooled and referred to as wildtype (WT) throughout this manuscript. To compare normal weight gain to the increased weight gain and deposition of adipose weekly. Upon termination, fat pads were excised and weighed by an investigator that was
M72-IRES-tau-Lac
blind to the genotype and treatment group of the mouse. Endometrial, retroperitoneal,
subcutaneous (a subsample of the right side), and mesenteric adipose tissues were collected 1 6 0 and combined. Brown fat was not sampled. Strips (Bayer Healthcare) to determine blood glucose levels at baseline (prior to injection) and
at set timepoints 10, 20, 30, 60, 90, and 120 minutes following the injection.
Voluntary Exercise Behavior
Mice belonging to the voluntary exercise treatment groups were provided ad libitum
access to a running wheel in their cage. Following a 2-day acclimation period to their larger, extended into the cage that held the running wheel above the bedding and allowed for rotation. A clean wheel was provided weekly and the wheels were lubricated with non-caloric, tasteless,
and odorless silicone oil as necessary to minimize potentially stressful squeaking of the 1-minute bin was the smallest bin size that the software allowed to be exported. concluded that restricting analysis to a 28 day period of only the dark phase is justifiable 1 8 7 because 1) it allowed for the exclusion of the 3-day acclimation period during which mice ran 1 8 8 very little and/or inconsistently and 2) it allowed for the exclusion of outliers in running behavior 1 8 9 C h e l e t t e e t a l . , P a g e 9 that were obviously due to a technical error (trapping of bedding or low battery) as opposed to
actual behavioral changes of a mouse.
9 1
Mean running distance was calculated as the daily average of kilometers run per day 1 9 2 across the 28-day sample for each mouse. Active time was calculated as the number of 1-
minute bins during which the mouse was participating in wheel running. Running velocity was 1 9 4
reported as the mean wheel rotations per minute for every 1-minute bin during which the mice
was active. Running bursts were defined as consecutive 1-minute bins during which the mouse
was active while rests were defined as consecutive 1-minute bins during which the mouse was 1 9 7
inactive. Latency to run is defined as the mean amount of time after dark onset until a mouse onset until a mouse stopped engaging in wheel running. statistical computation system {34}. Double-plotted actograms were generated using Fiji and 2 0 9
the associated plugin ActogramJ {35,36}. Graphs were designed and generated using Origin
Student 2018b software (version b9.5.5.409 OriginLab Corporation, Northhampton, MA).
Statistical tests were performed with Graphpad Prism (version 7.04, Graphpad Software, La
Jolla, CA). WT mice fed the CF diet weighed the same regardless of whether they had access to a 2 1 7
running wheel (WT-CF-SED 24-week bodyweight = 27.8 g ± 2.1; WT-CF-RW = 28.0 ± 1.4).
1 8
Mice fed the MHF diet without access to a running wheel gained significantly more bodyweight
than all other treatment groups (WT-MHF-SED = 39.2 g ± 4.4; F(7,77) = 42.2; p < 0.0001).
Mice fed the MHF diet with access to a running wheel weighed significantly less than the MHF-
fed mice without a running wheel (WT-MHF-RW = 32.9 g ± 3.0) but they still weighed WT mice maintained on the CF diet with or without wheel access showed no differences in 5,932 ± 923, KO-MHF-RW = 6,367 ± 1,474).
4 7
Wheel running is consistent over time independent of genotype or diet
Following the 3-day acclimation period and barring any technical errors, mice in all 2 4 9 treatment groups that were provided a wheel ran very consistently over the full 120-160 day Both WT and KO mice maintained on the MHF diet ran farther than the two CF-fed groups (WT-CF = 7.16 ± 2.85 km; KO-CF = 7.51 ± 2.0; WT-MHF = 11.58 ± 4.85; KO-MHF = 2 5 7 C h e l e t t e e t a l . , P a g e 1 2
11.91 ± 1.12; F(3,39) = 7.23, p = 0.0006) ( Figure 4A ). The WT-MHF and KO-MHF mice ran length of the running bursts were significantly longer for MHF-fed mice compared to CF-fed 2 8 1 mice for both genotypes (WT-CF-RW = 8.6 ± 1.6 mins per burst, KO-CF-RW = 7.6 ± 0.8, WT-2 8 2 MHF-RW = 11.5 ± 2.0, KO-MHF-RW = 13.5 ± 2.3; F(3,39) = 23.2, p < 0.0001)( Figure 6A+B ). Figure 6C ). Both MHF-fed groups engaged in shorter rests compared to the two 2 8 7
